. Morphology and isozyme variation among madeira vine (Anredera cordifolia) accessions from southeastern part of Central Java,. The genetic diversity among madeira vine accessions from southeastern part of Central Java has not been investigated in detail. Information on genetic diversity and relationship among accessions of this plant will provide important input into determining resourceful management strategies and guiding the improvement of plants through plant breeding programs. The objective of this study was to evaluate variation of morphology and isozyme among madeira vine (Anredera cordifolia (Ten.) Steenis) accessions from southeastern part of Central Java. A total of 13 madeira vine accessions were used for morphological observations and isozyme analysis. Morphological diversity was characterized based on measurements and observations of vegetative structures such as stems, leaves, and aerial tubers. Identification of biochemical markers was done using peroxidase and esterase isozyme systems. A relationship dendrogram among accessions was constructed based on the genetic similarity matrix by applying a cluster analysis. The analysis of quantitative and qualitative morphological characters revealed that the majority of the tested traits showed variation, indicating that there was variability among the tested madeira vine accessions. Polymorphism was observed using isozyme of peroxidase (i.e. two banding patterns) and esterase (i.e. five banding patterns). Based on the dendrogram at a level of 63 % similarity, it showed distinct separation of 13 madeira vine accessions into two major clusters. Cluster I consisted of nine accessions and the closest relationship was shown between KLT 3 and KLT 1 accessions that had 94 % of similarity coefficient. The remaining four accessions were clustered separately as Cluster II with similarity coefficient of 73 %. Therefore, genetic characterization based on morphological and isozyme markers obtained in this study is valuable to understand genetic variability and relationship among madeira vine accessions in southeastern part of Central Java.
INTRODUCTION
Anredera cordifolia (Ten.) Steenis (syn. Bossingaultia cordifolia Tenore, Boussingaultia gracilis Miers) is a climber plant native to the central and southern parts of South America, from Paraguay to Southern Brazil, Uruguay and Northern Argentina (Eriksson 2007; Vivian-Smith et al. 2007; Boyne et al. 2013) . It belongs to the family Basellaceae, a family with 19 accepted species of four genera (The Plant List 2013).
It is known as "madeira vine" as the preferred common name. The other local names for this plant include "binahong" (Indonesian), "Dhen San Chi" (Chinese), and "parra de Madeira" (Spanish) (Sukandar et al. 2013; GISD 2015) . Madeira vine is commonly grown as an ornamental species, but it has been naturalized and now regarded as an environmental weed in some region such as Australia, New Zealand, Hawaii, South Africa, and Pacific Islands. Madeira vine has become a major problem in some areas due to its invasiveness (PIER 2000; Starr et al. 2003; Vivian-Smith et al. 2007) . Many studies were performed to determine the best way to control its spread (Webb and Harrington 2005) .
Apart from the risk of causing problem as an environmental weed, madeira vine is also credited as having beneficial values. Martinevski et al. (2013) reported the nutritional value of madeira vine, where it is considered an unusual vegetable, with high nutritional value and known as spinach gaucho, leaf-fat and leaf-santa in Brazil (Kinupp et al. 2004) . It can be used as a leafy vegetable because it has shown neither toxicity nor mutagenic effects (Yen et al. 2001; Mao-Te et al. 2007) .
Madeira vine is also known as a medicinal plant. It is used traditionally to treat various diseases such as skin disease, hypertension, inflammation and gout (Sukandar et al. 2013) . Some studies have reported the antimicrobial activity of madeira vine extract on Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, Vibrio harveyi and Mycobacterium tuberculosis (Amertha et al. 2012; Darsana et al. 2012; Kartika et al. 2016; Pitaloka et al. 2018) . Ethanolic extract of madeira vine stem showed antifungal activity against Candida albicans (Kumalasari and Sulistyani 2011) . The ethanolic extract of madeira vine leaves also improves wound healing activity (Miladiyah and Prabowo 2012) . The other multiple uses of madeira vine as medicinal plant, as reported by many researchers include as hepatoprotection (Orbayinah and Kartyanto 2008) , antiinflammatory (Sumartiningsih 2011) , anti-obesity (Wang et al. 2011 ), antioxidant (Djamil et al. 2012 , anti-diabetic (Sukandar et al. 2011) , increasing breast milk production (Panyaphua et al. 2011) , and improving the failure of kidney (Sukandar et al. 2013) . Madeira vine leaves contain triterpenoid, steroid saponins, alkaloids, flavonoids, polyphenols, quinones, monoterpenoids, sesquiterpenoids, coumarins, polysaccharides phytol, essential oil, α-pinene and 6,10,14-trimethyl-2-pentadecanone (Zeid et al. 2007; Murni et al. 2011; Djamil et al. 2012; Sukandar et al. 2013; Souza et al. 2014) while their rhizome contains flavanoid, polyphenol, tannin, and steroid (Sukandar et al. 2011) .
In order to assess genetic variability of plants, a variety of markers method has been used. Morphological markers have been commonly used as a first step in germplasm characterization. Although morphological characters have been traditionally used to characterize levels and patterns of diversity, it has been found that the genetic information provided by these traits is often limited because it only represents a small portion of plant genome and is influenced by environmental factors (Nongdam and Nirmala 2007; Johnson et al. 2010) . Despite this limitation, morphological characterization is still useful for preliminary evaluation because it is fast, simple, and can be used as a general approach for assessing genetic diversity among morphologically distinguishable accessions (Beyene et al. 2005; Said and Ehsan 2010; Suratman et al. 2016) .
In recent years, limitations of morphological markers have been overcome by biochemical and molecular markers. Isozymes, as the classical biochemical marker, are accepted as the best descriptors of genetic variability since they exhibit very low levels of environmental interactions (Geethalakshmi et al. 2005) . Analysis of isozyme has been used extensively to provide quantitative estimates of the extent of genetic variation within the species (Ivy et al. 2010) . Isozymes have played a key role in identifying genotypes and understanding relationships among closely related individuals (Kumar et al. 2013) . Isozymes are relatively cheaper and simple to use in variety of applications in plant research. Isozymes have the advantage that material is processed by an efficient and inexpensive technique without requiring prior knowledge of the genome (Johnson et al. 2010) .
The genetic diversity among madeira vine accessions from southeastern part of Java has not been investigated in detail. Information on genetic diversity and relationship among accessions of this plant will provide important input into determining resourceful management strategies and guiding the improvement of plants through plant breeding programs, especially in facilitating breeding material selection. The objective of this study was to evaluate morphology and isozyme variation among madeira vine accessions from southeastern part of Central Java (Indonesia). The assessment of genetic variation among madeira vine accessions from Java-based on morphological and isozyme markers was the first study reported from this region.
MATERIALS AND METHODS

Plant materials
A total of 13 madeira vine accessions were used for morphological observations and isozyme analysis. These accessions were collected from a wide range of sites in the form of living plant collection ( Figure 1 , Table 1 ). All of them were maintained in greenhouse for 10 weeks. The plants were grown under controlled environmental conditions with temperature regime of 27°/21 °C day/night, relative air humidity of 85%, at a photon flux density of about 7.600 lux and at 126 m asl altitude. The young leaves of each accession were then used for isozymes extraction. 
Morphological characterization
Morphological diversity was characterized based on measurements and observations of vegetative structures of the madeira vine plant such as stems, leaves, and aerial tubers. Measurements of quantitative morphological characters included stem length, stem diameter, leaf length, leaf width, ratio of length: width leaf, petiole length, petiole width, aerial tuber length, and aerial tuber diameter. All measurements were averaged and averages for each plant were used in subsequent analyses (Suratman et al. 2016; Pitoyo et al. 2018) . The observation of qualitative morphological characters included color of leaf upper surface, color of young stem, color of old stem, and surface of old stem.
Isozyme analysis
Isozymes were analyzed from young leaves taken from mature plants. Enzymes were extracted, electrophoresed, stained and characterized as described by Suranto (2001) , Setyawan et al. (2014) , Suratman et al. (2016) and Pitoyo et al. (2018) . A total of 0.6 g young leaves of maderira vein were ground in mortar using 1800 µl of extraction buffer and then transferred to a 1.5 ml microtube. The extraction buffer consisted of 0.018 g cysteine, 0.021g ascorbic acid and 5 g sucrose distilled in 20 ml borax buffer at pH 8.4. Samples were then centrifuged at 12000 rpm for 5 minutes, and supernatant was transferred to new microtube. Two enzyme systems (esterase and peroxidase) were analyzed using acrylamide gel electrophoresis. About 200 µl of supernatant was taken and 5 µl of bromophenol blue (tracking dye) was added to each sample. About 10-24 ul of prepared samples (10-15 ul for peroxidase and 15-24 ul for esterase) was taken and loaded into each well of acrylamide gel. Loaded samples were electrophoresed at a constant current of 5 mA for peroxidase and 7 mA for esterase at room temperature for about 60 minutes. After electrophoresis, the gels were stained with a staining solution specific for the appropriate enzyme systems. Gels were immersed in the staining solutions under dark condition until the clear bands appeared. After staining was complete, gels were rinsed first with distilled water, then with 10 % acetic acid solution. The gel was transferred to a fixative solution that contained 50% methanol and then placed in zip-lock bags, and stored at 4 0 C in refrigerator until it could be analyzed and photographed (Fernandez et al. 1996; Johnson et al. 2010; Tiwari and Bakshi 2015) .
Data analysis
All quantitative morphological characters data were analyzed using analysis of variance (Suratman et al. 2016; Pitoyo et al. 2018 ) in order to test the significance of variation (i.e. difference) among madeira vine accessions. The observed qualitative morphological characters among all tested madeira vine accessions were then descriptively analyzed. The data from zymograms were entered as a matrix of presence/absence of bands for each enzyme system. A relationship dendrogram among madeira vine accessions based on morphological and isozyme markers was constructed based on the genetic similarity matrix by applying SAHN procedure, using the Unweighted Pair Group Method with Arithmetic Averages (UPGMA) cluster analysis using a computer program, NTSYS ver. 2.00 (Rohlf 1998; Suratman et al. 2016; Pitoyo et al. 2018) .
RESULTS AND DISCUSSION
Morphological analysis
A total of thirteen morphological characters consisted of nine quantitative and four qualitative characters were selected for morphological study among all tested madeira vine accessions. The selected character such as length: width leaf was scaled using ratio to eliminate size differences that might be caused by environmental factors.
The analysis of variance for quantitative morphological characters revealed that there was no significant difference (p < 0.05) among madeira vine accessions for the majority of the tested quantitative morphological traits except in case of variation of stem length. Stem diameter, leaf length, leaf wide, ratio of length: width leaf, petiole length, petiole width, aerial tuber length, aerial tuber diameter also showed a narrower range of phenotypic variation ( Table 2) .
The stem length varied significantly among 13 tested accessions and displayed a range from 28 cm (BYL 2) to 154 cm (WNG 1) with an average of 141 cm. Stem diameter showed narrower variation and ranged from 0.2 cm (WNG 2, KRY 1, KLT 3, SRG) to 0.4 cm (SKH) with an average of 0.28 cm. Leaf length exhibited narrower differences among accessions and ranged from 3.3 cm (BYL 2) to 5.7 cm (WNG 1) with an average of 4.1 cm. Leaf width displayed narrower differences among accessions and varied from 2.3 cm (BYL 2) to 4.8 cm (WNG 1) with an average of 3.38 cm. Leaf length: width ratio showed narrower differences among accessions and varied from 1 (KRY 2, BYL 1, KLT 3, SKA, SKH) to 1.4 (KRY 1, BYL 2, KLT 1, SRG) with an average of 1.2. Petiole length did not vary significantly among accessions and displayed a range from 0.6 cm (BYL 3, KLT 1) to 1.3 cm (WNG 1, KLT 1), with an average of 0.84 cm. Petiole width did not differ significantly among tested accessions and ranged from 0.1 cm (BYL 2, KLT 1, KLT 3, SRG) to 0.3 cm (WNG 1, WNG 2), with an average of 0.18 cm. Aerial tuber length showed narrower differences among accessions and varied from 0.2 cm (SKA) to 1.8 cm (WNG 2) with an average of 0.86 cm. Aerial tuber diameter values also showed narrower variation and ranged from 0.1 cm (BYL 1, KLT 1, SKA) to 0.4 cm (WNG 2, BYL 3) with an average of 0.23 cm.
Based on Table 3 , the observation of qualitative morphological characters showed that color of leaf upper surface in some accessions (WNG 1, WNG 2, KRY 2, BYL 3, KLT 2, SKA) reported as dark green and the remaining accessions (KRY 1, BYL 1, BYL 2, KLT 1, KLT 3, SKH, SRG) were pale green. Colour of young stem was green in some accessions (WNG 1, KRY 1, BYL 1, BYL 2, BYL 3, KLT 1, KLT 3) and reddish-green in other accessions (WNG 2, KRY 2, KLT 2, SKA, SKH, SRG). Colour of old stem was reported as brown in some accessions (WNG 1, BYL 1, KLT 1, SKA), while reddish-green in other accessions (WNG 2, KLT2) and brownish-green in the remaining accessions (KRY 1, KRY 2, BYL 2, BYL 3, KLT 3, SKH, SRG). The surface of old stem was glabrous in some accessions (WNG 2, KRY 2, BYL 2, BYL 3, KLT 1, KLT 2, KLT 3, SKH, SRG) and nodular in other accessions (WNG 1, KRY 1, BYL 1, SKA). 23 Note: * StL = stem length (cm); StD = stem diameter (cm); LfL = leaf length (cm); LfW = leaf width (cm); LfR = ratio of length: width leaf; PtL = petiole length (cm); PtW = petiole width (cm); ToL = aerial tuber length (cm); ToD = aerial tuber diameter (cm). ** Values followed by the different lower-case letter in the same column are significantly different (Duncan multiple range test, p < 0.05 
Isozyme analysis
Polymorphism was observed in madeira vine accessions from Central Java using isozymes of esterase and peroxidase marker. Esterase and peroxidase have been widely utilized to assess the genetic similarity and to reveal the variation of organisms at the various taxonomic levels (Pitoyo et al. 2018 ). The two enzymatic systems showed a total of 7 banding patterns, distributed in the whole set of samples as peroxidase with 2 banding patterns and esterase with 5 banding patterns.
Peroxidase analysis showed two patterns of zymogram (banding pattern A and B) which distributed in different Rf value varying from 0.02 to 0.34. Banding pattern A occurred in the majority of accessions and distributed in 11 tested madeira vine accessions (SRG, SKA, SKH, WNG 2, WNG 1, KRY 1, KRY 2, KLT 2, BYL 1, BYL 2, BYL 3). Banding pattern A consisted of three bands which located at Rf 0.02, Rf 0.08 and Rf 0.34. Banding pattern B only distributed in two accessions (KLT 1 and KLT 2) and consisted of three bands which located at Rf 0.02, Rf 0.12 and Rf 0.34 (Figure 2) . Seven bands of esterase at different Rf values varying from 0.02 to 0.28 were observed, which allowed to distinguish five patterns of zymograms (banding pattern A, B, C, D, and E) ( Figure 3 ). Banding pattern A only distributed in SRG accession and consisted of four bands which located at Rf 0.02, Rf 0.06, Rf 0.18 and Rf 0.28. Banding pattern B distributed in three accessions (SKA, SKH, WNG 2) and consisted of four bands which located at Rf 0.02, Rf 0.06, Rf 0.14 and Rf 0.28. Banding pattern C distributed in five accessions (WNG 1, BYL 2, BYL 3, KRY 1, KRY 2) and consisted of four bands which located at Rf 0.04, Rf 0.06, Rf 0.14 and Rf 0.28. Banding pattern D distributed in two accessions (KLT 1, KLT 3) and consisted of four bands which located at Rf 0.04, Rf 0.08, Rf 0.14 and Rf 0.28. Banding pattern E distributed in two accessions (KLT 2, BYL 1) and consisted of four bands which located at Rf 0.04, Rf 0.06, Rf 0.18 and Rf 0.28.
Similarity among madeira vine accessions
Based on the dendrogram at a level of 63 % similarity, it showed distinct separation of 13 madeira vine accessions from southeastern part of Central Java into two major clusters (Figure 4) . Cluster I comprised most of tested accessions originated from all Klaten accessions (KLT 1, KLT 2, and KLT 3), all Boyolali accessions (BYL 1, BYL 2, and BYL 3), Wonogiri accession (WNG 1), Karanganyar accession (KRY 1) and Surakarta accessions (SKA). The closest relationship was showed between KLT 3 and KLT 1 accessions that had 94 % of similarity coefficient. The second cluster was formed by the remaining four accessions from Karanganyar accession (KRY 2), Wonogiri accession (WNG 2), Sukoharjo accession (SKH), and Sragen accession (SRG) with similarity coefficient of 73 % and considered to be genetically unique. 
Discussion
Variation is the basic resource to be explored for genetic improvement in any species and hence plays a key role in plant improvement programs (Johnson et al. 2010) . Efficient utilization of a germplasm collection requires knowledge of the pattern of genetic variation for traits of economic interest. If the geographic distribution of variation for a trait were unknown, one could base the sampling on patterns of general genetic variation among accessions from different regions (Beer et al. 1993 ). Morphological markers have been commonly used in germplasm characterization to assess genetic variation among and within species, cultivars, populations or accessions (Acquaah 2012; Padmini et al. 2013) .
The quantitative morphological characters analysis of madeira vine accessions in this study revealed the variation among the tested accessions although it appeared to be insignificant for the majority of the tested characters except in case of variation of stem length. The majority of the tested quantitative characters such as stem diameter, leaf length, leaf wide, ratio of length: width leaf, petiole length, petiole width, aerial tuber length, aerial tuber diameter showed a narrower phenotypic variation among accessions. These results further indicated the existence of variability among accessions for these traits although their variation was considered low. The observation of qualitative morphological characters showed that four characters used in this study i.e. color of leaf upper surface, color of young stem, color of old stem, and surface of old stem revealed variation among madeira vine accessions. However, phenotypic variations observation provided a good opportunity for genetic improvement (Sabaghnia et al. 2014) .
Thus, utilizing morphological characters has been accepted widely to measure phenotypic diversity in germplasm collection programs. Indeed, although these madeira vine accessions were collected from a wide range of sites and then cultivated under controlled environmental conditions, they retained the characteristic acquired previously. This indication then provided vital information on the morphological diversity (Mbouobda et al. 2007) .
In general, this study revealed that the madeira vine accessions showed variation in the majority of tested morphological characters although only morphological character such as stem length had significant difference. Therefore, this indication showed that there is enough scope for selection of desirable characters where variability exists for plant breeding programs (Beyene et al. 2013) .
Isozymes are classical biochemical markers for assessing genetic variability in species, among population, and among accessions. Isozymes are especially useful when several taxa, accessions, and individuals are to be compared, as the assumption of homology is more accurate than with some DNA markers (Klaas 1998; Lange and Schifino-Wittmann 2000) .
In this study, two enzyme systems (esterases and peroxidases) were used and interpreted to find out the variability among madeira vine accessions from southeastern part of Central Java. The madeira vine accessions can be differentiated effectively by isozyme of esterase and peroxidase because these enzym systems resolved clearly and revealed more detailed variation among all tested accessions. Esterase showed most isozymic banding pattern variations compared than peroxidase in this study. Esterase showed 5 isozymic banding patterns compared peroxidase with 2 isozymic banding patterns.
Peroxidase is an easily detected enzyme because of extraordinary activity on plant tissue (Suratman et al. 2016) but in this study, peroxidase showed narrower variations of isozymic banding pattern among madeira vine accessions. Peroxidase was then considered as the conservative of the enzymatic systems analyzed, with fewer bands and/or banding patterns resulted in this study.
Esterases are a complex and heterogeneous group of enzymes with multiple substrate specificities. They are generally monomeric or dimeric in plants, with great genetic variability and are one of the enzymatic systems with higher polymorphism in plants (Smila et al. 2007; Rakshit et al. 2011) . Variability of esterase isozyme pattern among madeira vine accessions was detected, especially in number, frequency, and thickness of bands. The complexity of the patterns, due to the high number and different type of bands (A, B, C, D, and E) is very informative and useful for characterization, although analysis is complex. Therefore, esterase can be considered as the most suitable of the enzyme systems examined to assess genetic variability in the tested madeira vine accessions. An added advantage of esterase in this kind of analysis is a large number of bands and the excellent stability of the staining technique (Lange and Schifino-Wittmann 2000) .
Isozyme analysis provides a very conservative estimate of the extent of genetic variability. A large number of polymorphic zones which were shown in two enzyme systems used in this study were essential as genetic marker and indicated the validity of the isozyme data to study the genetic variability (Kumar et al. 2013) . These markers are also generally independent of environmental factors and are more numerous than phenotypic characters providing clear information of underlying variation in the genome of an organism (Amom and Nongdam 2017) .
From the present study, it is concluded that in the two tested enzyme systems, esterases and peroxidases, the specific banding pattern can be used for accessions differentiation. Isozyme band patterns, especially when several enzyme systems are employed, are useful and reliable biochemical markers for the taxonomic delimitation and characterization of germplasm. Therefore, difference in the profile of isozymes can be used to reveal genetic diversity among madeira vine accessions. However, an adequate genetic diversity for effective selection in a breeding program is very essential (Geethalakshmi et al. 2005; Pitoyo et al. 2018) .
The relationship dendrogram in this study showed that the geographically related accessions were not always clustered in the same group. Probably, there is no correlation between geographic distribution and genetic diversity in this study. Thus, the grouping of madeira vine accessions did not always indicate the similarity of their geographical origins, but maybe due to genetic similarities (Tikader and Kamble 2008) . Although the tested madeira vine accessions were collected from different geographical locations and then grown in the same microclimate it was understood that each accession varied with respect to environmental factors and genetic parameters. The genetic variability in madeira vine accessions may be partly explained as a result of abiotic and biotic factors (Suratman et al. 2013) . Therefore, germplasm collections from various geographical origins have been important source of novel genetic variability and could be utilized in the crop improvement programs. Further improvement through breeding and selection depends on the novel genetic variability in the elite breeding material (Tang et al. 2014) .
Based on the relationship dendrogram, the genetic similarity among madeira vine accessions then could be estimated. Their genetic similarity percentage can be considered as the basic data in the selection of desired accessions for species improvement. Two similar genetically accessions or more but possessing distinct characters can be chosen for this purpose (Lombardi et al. 2014; Suratman et al. 2015) . Then, the breeders must have the idea of choosing the accession that most likely possesses the trait of interest (Roy et al. 2013) .
Therefore, genetic characterization based on morphological characters and isozyme markers obtained in this study could be valuable for understanding of genetic variability and relationship among the examined madeira vine accessions in southeastern part of Central Java. Biochemical characterization of these accessions through isozyme marker along with morphological characterization will also provide the basic information for utilization of the plants. Information on genetic diversity and relationship among and between individuals, accessions, populations, varieties, and species of plant will also provide important input into determining resourceful management strategies and guiding the improvement of plants through plant breeding programs (Tang et al. 2014; Setyawan et al. 2014) .
